Introduction
============

The oxidative stress that occurs during the breakdown of the oxidant/antioxidant balance within our body plays a major role in the development of atherosclerotic diseases such as coronary artery disease (CAD) and stroke. While lipid- lowering therapy with statins is commonly used for the treatment for atherosclerotic disease, a great deal of attention has been paid to antioxidant foods, which can contribute to the maintenance of the oxidant/antioxidant balance. A wide range of antioxidants exists within foods, with the function of these antioxidants in relation to atherosclerosis having also been widely reported.

Vegetables and Fruits
=====================

Vegetables and fruits are well known to be important sources of carbohydrates, dietary fiber, antioxidant vitamins, and minerals, along with carotenoids, polyphenols, and other phytochemicals. The relationships between eating vegetables and fruits and preventing CAD and stroke have been demonstrated in many epidemiological studies showing a reduced risk of such diseases. In a prospective cohort study by Liu et al.[@b1-cmc-suppl.3-2014-061] among 39,876 female health professionals, assessing the associations between vegetable and fruit consumption and risk of cardiovascular diseases, including CAD and stroke, the relative risk between those with the lowest vegetable and fruit consumption (median value: 2.6 servings/day) and those with the highest consumption (median value: 10.2 servings/day) was 1.0 and 0.68, respectively. This study suggested a protective effect of vegetables and fruits against CAD, especially myocardial infarction (MI). Another study by Joshipura et al.[@b2-cmc-suppl.3-2014-061] among 42,148 men and 84,251 women also demonstrated a relative risk for CAD of 0.80 in the highest quintile of vegetable and fruit consumption and a 4% lower risk for each one-serving per day increase in such consumption. In their study, the consumption of green leafy vegetables and vitamin C-rich fruits and vegetables contributed most to the protective effect of vegetables and fruits. Furthermore, He et al.[@b3-cmc-suppl.3-2014-061] conducted a meta-analysis of eight cohort studies to evaluate the relationship between the vegetable and fruit consumption and the risk of stroke. They showed that compared with the group of people who consumed less than three servings per day of vegetables and fruits, there was a reduced relative risk of stroke of 0.89 in the group with three to five servings per day and 0.74 in the group with more than five servings per day ([Table 1](#t1-cmc-suppl.3-2014-061){ref-type="table"}). Therefore, the consumption of vegetables and fruits is recognized to be inversely associated with the risk of atherosclerotic diseases such as CAD and stroke.

In addition to the antioxidant vitamins C and E, green and yellow vegetables contain abundant quantities of carotenoids, such as beta-carotene, and polyphenols, such as anthocyanin, which are believed to contribute to the prevention of atherosclerotic diseases. We previously reported both red and green perilla, which are popular vegetables in Japan and China, to be very rich in polyphenols and to have strong antioxidant activity against low-density lipoprotein (LDL) oxidation.[@b4-cmc-suppl.3-2014-061] Law et al.[@b5-cmc-suppl.3-2014-061] conducted a meta-analysis of 11 cohort studies to evaluate the relationships between dietary consumption of carotenoids and vitamins C and E contained in vegetables and fruits and the risk of CAD. They demonstrated the consumption of carotenoids and vitamins C and E to be inversely associated with CAD and showed the risk of CAD to be 15%, 12%, and 12% lower at the 90th than at the 10th centiles of carotenoid, vitamin C, and vitamin E consumption, respectively. These epidemiological studies conducted many randomized trials of antioxidant supplements to assess the effects on primary and secondary prevention of CAD and stroke. However, a randomized, placebo- controlled intervention trial,[@b6-cmc-suppl.3-2014-061] wherein 9,541 patients at high risk for cardiovascular events were administered either vitamin E (800 international units \[IU\]/day) or placebo, reported no preventative effect of vitamin E on major cardiovascular events, but rather the vitamin E group had higher incidence of heart failure. Furthermore, Bjelakovic et al.[@b7-cmc-suppl.3-2014-061] conducted a meta-analysis of 68 randomized trials with 232,606 participants to evaluate the effect of antioxidant supplements on all-cause mortality. They demonstrated that vitamins C and E and beta-carotene supplements given singly or combined with other supplements had no beneficial effect, and mortality was significantly increased with beta-carotene and vitamin E supplements. The cause of increased mortality with antioxidant supplements remains unclear, but some specific patient subgroups may receive benefit from such supplements. According to the report by Levy et al.[@b8-cmc-suppl.3-2014-061], supplementation with vitamins C and E showed significant benefit on the progression of coronary artery stenosis in haptoglobin 1 allele homozygotic women, but not in those with haptoglobin 2 allele, suggesting that the relative benefit or harm of vitamin supplements on CAD may depend on such haptoglobin types. Therefore, the American Heart Association (AHA) published a statement in 2006[@b9-cmc-suppl.3-2014-061] recommending the consumption of vegetables and fruits, especially green and yellow vegetables, but not recommending antioxidant vitamin supplementation, to prevent atherosclerotic diseases such as CAD and stroke.

Fruits, especially citrus fruits, contain a large quantity of flavonoids, as well as antioxidant vitamin C and carotenoids. In particular, oranges and grapefruits contain large quantities of hesperidin and naringin. The report by Esmaillzadeh et al.[@b10-cmc-suppl.3-2014-061] on the eating habits of middle-aged women indicated that subjects with healthy eating habits (consumption of large quantities of fruits, vegetables, legumes, and fish and consumption of low quantity of meats high in saturated fatty acids) had a notably reduced risk of metabolic syndrome, with the consumption of fruits making a particularly significant contribution to this reduction. Williams et al.[@b11-cmc-suppl.3-2014-061] also showed that high consumption of fruits had negative correlation with obesity and triglyceride levels, along with positive correlation with high-density-lipoprotein cholesterol levels. Moreover, Knekt et al.[@b12-cmc-suppl.3-2014-061] reported the risk of stroke to be reduced by 20% in subjects with high consumption of hesperidin and naringin. Consuming fruits, along with green and yellow vegetables, is recognized to be beneficial in preventing atherosclerotic diseases.

Seafoods
========

Epidemiological studies implemented in the 1970s[@b13-cmc-suppl.3-2014-061],[@b14-cmc-suppl.3-2014-061] demonstrated an extremely low incidence of CAD among the indigenous people of Greenland, Eskimos, who consume mainly fish and seals rich in n-3 polyunsaturated fatty acids (PUFAs) ([Fig. 1](#f1-cmc-suppl.3-2014-061){ref-type="fig"}). As a result, the importance of n-3 PUFAs, that is, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), came to be noted. EPA is found in high concentrations in fish oil of sardines, along with DHA in tuna and bonito. Many epidemiological studies demonstrated higher fish consumption to be associated with a lower risk of CAD and stroke.[@b15-cmc-suppl.3-2014-061]--[@b17-cmc-suppl.3-2014-061] Among Japanese populations, along with the association between high consumption of fish and low mortality due to CAD, Iso et al.[@b17-cmc-suppl.3-2014-061] reported an inverse association between fish consumption and risk of CAD. Moreover, in a rural district of Japan, the incidence of CAD was shown to be lower in fishing areas than in the mercantile and farming areas.[@b18-cmc-suppl.3-2014-061]

PUFAs are important constituents of cell membrane phospholipids, and the phospholipids of inflammatory cells are rich in n-6 PUFA arachidonic acid (AA), with low amounts of n-3 PUFAs EPA and DHA. AA acts as a source of proinflammatory eicosanoids, whereas both EPA and DHA reduce AA-derived eicosanoids and proinflammatory cytokines and produce anti-inflammatory resolvins and protectins.[@b19-cmc-suppl.3-2014-061] The balance between EPA (or DHA) and AA is important for regulating the production of proinflammatory and anti-inflammatory mediators. The high consumption of fish, rich in EPA and DHA, changes the PUFA composition of inflammatory cells, which leads to higher contents of EPA and DHA at the expense of AA.[@b19-cmc-suppl.3-2014-061] Proposed factors that may account for the antiatherosclerotic effects of n-3 PUFAs include reduced platelet aggregation, lowering of serum triglycerides and blood pressure, reduced expression of adhesion molecules, anti-inflammatory effect, and plaque stabilization ([Table 2](#t2-cmc-suppl.3-2014-061){ref-type="table"}).[@b19-cmc-suppl.3-2014-061]--[@b21-cmc-suppl.3-2014-061] However, accumulating evidences suggest that the anti-inflammatory effect of n-3 PUFAs is principally responsible for preventing atherosclerotic diseases.[@b19-cmc-suppl.3-2014-061],[@b20-cmc-suppl.3-2014-061],[@b22-cmc-suppl.3-2014-061] Matsumoto et al.[@b22-cmc-suppl.3-2014-061] showed that EPA administration suppresses atherosclerotic lesions with less macro phages and more collagen in apolipoprotein E-deficient mice. A randomized, controlled trial of patients undergoing carotid endarterectomy also showed n-3 PUFA supplementation to result in less inflammation and increased stability in carotid plaques.[@b23-cmc-suppl.3-2014-061]

To assess the effect of n-3 PUFA supplements on the prevention of cardiovascular events, several randomized trials were conducted. A randomized clinical trial (Japan Eicosapentaenoic acid Lipid Intervention Study \[JELIS\]) with 1.8 g/day of EPA in 18,645 Japanese patients with hyperlipemia reported 19% reduction in major coronary events in the EPA group.[@b24-cmc-suppl.3-2014-061] Another randomized trial (Gruppo Italiano per lo Studio della Sopravvivenza nell\'Infarto Miocardico \[GISSI\]-Prevenzione) with 1 g/day of n-3 PUFAs in 11,323 patients surviving recent MI also showed 30% reduction in cardiovascular mortality.[@b25-cmc-suppl.3-2014-061] Therefore, the AHA statement published in 2006[@b9-cmc-suppl.3-2014-061] recommended the consumption of fish, preferably oily fish, at least twice a week in patients without CAD and to consider n-3 PUFA supplementation in patients with documented CAD. However, one of the potential problems arising from excessive intake of n-3 PUFAs is the occurrence of bleeding complications due to inhibited platelet aggregation. Increased incidence of brain hemorrhage has in fact been reported among Inuit people who consume large amounts of EPA and DHA.[@b26-cmc-suppl.3-2014-061] Therefore, consumption of n-3 PUFAs at more than 10 g/day should be avoided.

In addition to EPA and DHA, astaxanthin is another substance contained in fish, which may play a role in the prevention of atherosclerosis. Astaxanthin is a type of carotenoid, similar to lycopene in tomatoes and beta-carotene in carrots. It is present mainly in the red muscle meat of Salmonidae, the shells of crustaceans, and the body surface of red sea bream. Astaxanthin is a strong antioxidant, with a particularly strong ability to eliminate singlet oxygen, said to be 6,000 times that of vitamin C and 500 times that of vitamin E. We previously showed that the consumption of 3.6 mg/day for 2 weeks prolonged LDL lag time, suggesting the inhibition of LDL oxidation by astaxanthin.[@b27-cmc-suppl.3-2014-061] Moreover, Yoshida et al.[@b28-cmc-suppl.3-2014-061] reported the consumption of astaxanthin (6--18 mg/day) for 12 weeks to reduce serum triglyceride levels and to increase high-density-lipoprotein (HDL) cholesterol and adiponectin levels in 61 subjects with mild hyperlipidemia.

Soy Products
============

The fatty acid composition of lipids included in soybeans is different from that of lipids contained in meats, and soybeans contain a much greater quantity of PUFAs than saturated fatty acids. The amino acid composition of soy protein is also different from that of animal proteins. A meta-analysis of 38 clinical trials to assess the effect of soy protein consumption on serum lipid levels demonstrated 13% reduction in LDL-cholesterol levels and 11% reduction in triglyceride levels, with no significant increase in HDL-cholesterol levels.[@b29-cmc-suppl.3-2014-061] Furthermore, isoflavone, which is a type of polyphenol contained in soybeans, is expected to have antiatherosclerotic property because it has a similar structure to estrogen and can bond with estrogen receptors. In a large cohort study in Japanese populations (Japan Public Health Center-based Prospective Study), high consumption of isoflavone was shown to be associated with a reduced risk of CAD and stroke in women, but not in men.[@b30-cmc-suppl.3-2014-061] However, in a randomized controlled trial on postmenopausal women in the USA, soy protein supplementation (25 g/day) was reported to reduce subclinical atherosclerosis progression, assessed as carotid artery intima-media thickness progression, by 16% relative to the placebo group, but this treatment effect was not statistically significant.[@b31-cmc-suppl.3-2014-061] Only among the subgroup of women who were in the \<5 years postmenopausal stage, soy protein reduced carotid thickness progression by 68%, with borderline significance. Therefore, because the preventative effect of soy protein or isoflavone supplementation has not yet been proven in regard to atherosclerotic diseases, further research is required.

Conclusion
==========

While many epidemiological studies have reported the promising effects of antioxidant foods, there are still many unclear points remaining in regard to the contribution of individual substances of antioxidant foods to the prevention of atherosclerotic diseases. As shown in [Table 3](#t3-cmc-suppl.3-2014-061){ref-type="table"}, AHA recommends the consumption of fish, especially oily fish, as well as a diet rich in vegetables and fruits, for athero-sclerotic disease risk reduction.[@b9-cmc-suppl.3-2014-061] While further research is needed in regard to the individual effects of these nutritional elements on atherosclerosis, it is also necessary to focus on the effectiveness of eating a combination of nutritional elements. Food is not simply an indulgence but is required to maintain good health. It should be remembered that it is important to balance the foods we incorporate into our daily lifestyle.
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###### 

Risk of stroke (95% confidence interval) for three to five servings and more than five servings of fruits and vegetables per day compared with less than three servings (adapted from He FJ et al.[@b3-cmc-suppl.3-2014-061]).

                            FRUITS AND VEGETABLE INTAKE (SERVINGS PER DAY)   
  ------------------------- ------------------------------------------------ -------------------
                            3--5                                             \>5
  Joshipura et al (men)     0.77 (0.49--1.20)                                0.78 (0.57--1.06)
  Joshipura et al (women)   0.89 (0.66--1.20)                                0.70 (0.58--0.85)
  Hirvonen et al            0.85 (0.78--0.93)                                0.74 (0.58--0.95)
  Bazzano et al             0.94 (0.83--1.07)                                0.70 (0.55--0.89)
  Johnsen et al             0.86 (0.66--1.12)                                0.73 (0.54--0.99)
  Sauvaget et al            0.90 (0.82--0.99)                                0.75 (0.69--0.82)
  Steffen et al             1.24 (0.96--1.61)                                0.94 (0.54--1.63)
  Keli et al                0.82 (0.54--1.24)                                0.75 (0.45--1.24)
  Gillman et al             0.60 (0.39--0.92)                                0.49 (0.30--0.79)
  Pooled relative risk      0.89 (0.83--0.97)                                0.74 (0.69--0.79)

###### 

Factors involved in CHD risk that are affected by n-3 fatty acids (adapted from Harris et al.[@b21-cmc-suppl.3-2014-061]).

  FACTOR                                          EFFECT
  ----------------------------------------------- --------
  Serum TG concentration                          ↓
  Production of chemoattractants                  ↓
  Production of growth factors                    ↓
  Cell surface expression of adhesion molecules   ↓
  Production of inflammatory eicosanoids          ↓
  Blood pressure                                  ↓
  Endothelial relaxation                          ↑
  Thrombosis                                      ↓
  Cardiac arrhythmias                             ↓
  Heart rate variability                          ↑
  Atherosclerotic plaque stability                ↑

###### 

AHA diet and lifestyle recommendations for cardiovascular disease risk reduction (adapted from Lichtenstein AH et al.[@b9-cmc-suppl.3-2014-061]).

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  • Balance calorie intake and physical activity to achieve or maintain a healthy body weight.
  • Consume a diet rich in vegetables and fruits.
  • Choose whole-grain, high-fiber foods.
  • Consume fish, especially oily fish, at least twice a week.
  • Limit your intake of saturated fat to \<7% of energy, *trans*-fat to \<1% of energy, and cholesterol to \<300 mg/day by choosing lean meats and vegetable alternatives; selecting fat-free (skin), 1%-fat, and low-fat dairy products; and minimizing intake of partially hydrogenated fats.
  • Minimize your intake of beverages and foods with added sugars.
  • Choose and prepare foods with little or no salt.
  • If you consume alcohol, do so in moderation.
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** When you eat food that is prepared outside of the home, follow the AHA Diet and Lifestyle Recommendations.
